INTRODUCTION
In the global problem of constantly increasing waste storages in both Russia and the world, the ash and slag waste (ASW) of energy enterprises play one of the key roles. The amount of wastes from thermal power plants (TPP) and combined heat and power plant (CHPP) burning solid fuels is about 40% of the total amount of industrial wastes in the Russian Federation industrial wastes (Sukhov, 2005) (disregarding mining wastes) and is estimated to be 90 mln tons per year. The amount of collected ash and slag in Russia is close to 2 billion tons that are distributed over more than the 22-thousand-hectare territory (Alekseyko and Taskin, 2005 
The work presents the results of studying ash and slag disposal areas of Primorsky Krai energy enterprises -the objects with high concentrations of Au and Ag. The chemical and mineral contents of samples from the investigated ash and slag disposal areas have been determined. It is shown that the found particles of free gold and of other noble metals are mostly represented by fi ne and ultrafi ne sizes. It is also shown that morphology diversity is typical of gold microparticles. The patt erns of Au collection and allocation during the working process in ash and slag waste (ASW)
were found. (construction, road, concrete, metallurgical, chemical industries) . ASW can be a source of As, Be, Bi, Co, Ge, Hf, Nb, Se, Sr, Te, Tl, Y, Al, Cd, Ga, Fe, Mo, Ti, V, Zn, Au, platinoids, and rare earth metals (Leonov et al., 1998; Sorokin, 2011; Russian Federation…, 2003) . During coal burning at a TPP, the concentration of precious elements in ash increases 5-6 times relative to the initial concentration in coal, and can be of interest industrially. The ASW from burning different types of coal, especially brown coal, can sometimes be considered as a salable ore, particularly in terms of platinum and gold.
Extraction of metals from ash and slag is complicated because the metals present in coal and ash can be there in several mineral phases simultaneously (in native form, in the form of intermetallic compound, in the form of oxides, sulfi des, carbonates, phosphates, silicates, etc.) and in thin-dispersed size (mostly less than 10 μm) (Lavrik and Litviniva, 2015) . In this regard an analysis of the mineral and chemical content of the energy enterprises' ASW and also research of the extraction of metals, e.g., of gold, present a priority task. Based on the obtained results of these researches it will be possible to develop technological and equipment solutions for complex recycling of the technogenic wastes of energy enterprises with associated extraction of valuable components, such as microdispersed gold concentrate and PGMs.
EXPERIMENTAL
We carried out investigation of 57 samples of ash and slag selected on the territory of the ash disposal areas of Primorsky Krai (the City of Vladivostok, TPP-2; Artyom town, TPP; Bolshoy Kamen town, TPP; Arsenyev town, TPP; Partizansk town, State District Power Station; Luchegorsk Town, Primorskaya State District Power Station).
On different stages of research, the content of the main components of ash and slag fractions was determined by X-ray fl uorescence analysis (XRFA) using a Shimadzu EDX 800 HS spectrometer (a tube with rhodium anode, vacuum) in room temperature conditions.
As the main method of evaluating the content of fi ne-dispersed gold in the waste of energy enterprises was the method of instrumental neutron activation analysis (NAA). This instrumental NAA was realized on a small-sized unit developed at the Institute of Chemistry of the Far Eastern Branch of the Russian Academy of Sciences (FEB RAS). The small-sized unit has 252 Cf-based radionuclide excitation source (Ivanenko et al., 1988; Shilo et al., 1983) . For measuring the induced activity of the samples a spectrometric complex was used. The spectrometric complex was made on the basis of a GC2018 coaxial Ge detector made by Canberra company and an SBS-75 infor-mation processing unit developed by Russian group enterprises (SOEs) "Green Star" (http://www.greenstar.ru/production.html). For processing the results, we used the 1.0 version of the "Gamma-analyzer for semiconductor detector" program developed by the "Green Star" too. The time of measurement differed depending on gold content in samples and lasted from 10 to 30 min.
The content of noble and rare earth metals in technogenic waste of energy enterprises was determined by using the atomic-absorption spectrophotometry (AAS) method at the Laboratory of Micro-and Nanoresearches of the Analytical Center at the Far East Geological Institute of FEB RAS. To determine the content of Au, Pt, and Pd, the samples were preliminarily decomposed by a mixture of acids HF + HNO 3 with further co-deposition with Te by the TsNIGRI-2005 method developed at the Central Geological Research Institute for Nonferrous and Precious Metals, Ministry of Natural Resources and Environment of the Russian Federation. For determining the Ag content, the samples were preliminarily decomposed by a mixture of acids HCl + HNO 3 . Measurements of the content of Au, Pt, Pd, and Ag were done on a Shimadzu 6800 atomic-absorption spectrometer, using weighed portions of 2 g for analysis.
During the mineralogical studies we used a JSM-6490LV scanning electron microscope (SEM) (JEOL, Japan) equipped with an INCA Energy energy-dispersive spectrometer (EDS) and also with an Inca Wave microanalysis system for a spectrometer with wavelength dispersion (WDS). This X-ray microanalyzer with electron probe allowed us to make a quantitative analysis for determining the concentration of a wide range of chemical elements (from B to U) within the range 0.001-100 wt.%. The lateral locality is 2-5 μm.
The X-ray fl uorescence analysis (XRFA) of the chemical content of ash and slag samples showed that the samples chosen were very similar in chemical content. The main microelements in the ash and slag samples chosen from the region's energy enterprises are: silicon oxide (50%), aluminosilicates (37%), Fe oxides (5%), calcium (4%), potassium (3%), sulfur (1%), and other microelements (less than 1%) ( Table 1) . In some samples studied, microamounts of chrome, copper, manganese, rubidium, strontium, vanadium, yttrium, zinc, and zirconium have been found. The presence of macrocontents of Ti oxide and Fe oxide in all the samples studied allows us to suppose the feasibility of samples' magnetic separation and creation of separate fractions of magnetic minerals. Measurement of the content of Au, Pt, Pd, and Ag was made by using AAS and NAA. The AAS test has shown the presence of gold in 7 samples in amount of 0.045-0.180 g/t, and the presence of silver in 5 samples in amount of 2.4-29.7 g/t. In 22 samples the amount of silver does not exceed 1 g/t. According to the data obtained from NAA, gold was found in 29 of 57 samples in amounts of 0.2-3.8 g/t.
The mineralogical and microscopic studies performed showed that particles of free gold and other noble metals in ASW are mostly represented by fi ne and extra fi ne forms. Also, there are rather diversifi ed morphology of the gold grains found (xenomorphic, cloddy, irregular-cloddy shapes of grains) and fi ne-dispersed condition of gold microparticles (from fractions to dozens of microns) (Fig. 1) .
To concentrate the gold for the study, the initial ash and slag material was divided into fractions in the laboratory conditions. The scheme of division of ASW is shown in Fig. 2 .
FIG. 1:
Photos of gold microparticles with complicated shape taken by a scanning electron microscope During the working process, an initial sample in the amount of 10 kg was collected and ground in a disk grinder to a size of 0.1 mm. The ground sample was put into a vessel and poured with water, mixed thoroughly, and then it was settled. The foam consisting of pumice and soot was collected from the surface. The collected material was dried and weighed by a balance of the 2nd class of accuracy. Then, water at a low pressure was fed to the vessel with the soaking sample. Silt, clay, and ground coal were washed out of the sample. Water overfl owed the vessel and went into a settling tank, so that the suspended particles settled and were collected there. After washing out of silt, clay, and ground coal, the sand residue remained. The concentrate consisted of magnetic material and nonmagnetic material. The material obtained was dried in a dryer, with the magnetic minerals being extracted from it by using a magnetic separation method.
As a result of the gravitational enrichment and separation of the ash and slag sample the following fractions of loose material were obtained: soot, pumice; clay, underburnt coal; light nonmagnetic fraction -sand; concentrate -heavy nonmagnetic fraction; concentrate -heavy magnetic fraction.
The fractions obtained were weighed and sent to be analyzed repeatedly -NAA (for determining the gold content), XRFA (determination of chemical composition). The analyses made showed the presence of gold mostly in nonmagnetic fraction, and almost total absence of gold in the magnetic fraction. According to NAA, the content of gold in light nonmagnetic fraction exceeded the gold content in the initial samples on the average by 20%, and the content of gold in the concentrate of nonmagnetic fraction exceeded twice the content in the initial samples (Table 2) .
RESULTS AND DISCUSSION
The main aim of the approach being developed is the provision of complex, multiproduct recycling of ASW of energy enterprises and of the organization of complex (Borisenko, 1993; Dubov and Borisenko, 1994) , agriculture (Bernatsky and Mikheev, 2000; Evtushenko et al., 2000) , chemical industry, metallurgical industry, and other industries. The most promising areas of the use of ash and slag are: a) Civil engineering: the use of ashes of any composition for the production of building materials (addition into clay brick, production of aggloporite), use of ash as ready-to-use building material or product; use of ashes of acidic content instead of sand; use of ash containing underburnt coal particles in the production of artifi cial fi llers for light-weight concrete; use of ash as an additive to concrete, cement, mortars, etc. (Ferone et al., 2013; Ehsan et al., 2014; Lyazat, 2014) . b) Metallurgical industry: separation of e magnetic fraction from ash for obtaining the concentrate with the content of iron oxide of up to 85%; recycling of ASW for extracting of aluminum, manganese, silicon, and other compounds. c) Electrotechnical industry: extraction of aluminosilicate hollow microspheres (AHM) (fi ller for composite materials) from fl y-ash; use of fl y-ashes and AHM in the production of electric heaters. d) Agriculture: use of calcium-containing ashes for chalking calcareous soils. e) Environment-oriented activities: use of ashes with increased content of free calcium oxide for decreasing the concentration of sulfur oxides in fl ue gases of heat generating equipment and power plants; use of ash containing underburnt coal particles for cleaning fl ue gas boilers from nitrogen oxide. f) Composite materials: use of ash dust and granulated gas-furnace slag for production of composite materials with metal matrix (Inampudi et al., 2014) , use of ASW for producing composite ceramics (Predeanu et al., 2013) . g) Complex recycling: extraction of rare earth metals and precious metals, etc., from TPP ' s fl y-ashes.
However, for effective using of ash it is necessary to separate initial ASW into components. With account for the carried out studies of the chemical composition of ashes in Primorsky Krai and laboratory researches on ASW separation into fractions, we have suggested a multistage technological scheme directed at separating the initial material into fractions and its preparation for further complex recycling (Fig. 3) . The scheme consists of separately functioning blocks connected into a single process line. In each block an exact intermediate product is extracted. Therefore, In this way the following products can be obtained: iron-containing concentrate (block 3), aluminosilicates (block 5), underburnt coal (block 6), concentrate of gold and metals of platinum group (block 7), nonmagnetic residue (sand) (block 7), etc.
Approximate distribution of industrial products obtained from the starting material in complex ASW recycling by the suggested scheme with account for the information about sample's chemical composition and gold, PGM content is shown in Fig. 4 .
For realization of the proposed technological scheme we have developed a facility for preliminary preparation of ASW (Fig. 5) .
On the stage of preliminary preparation of technogenic waste the facility obtains three commercial products: magnetic concentrate, underburning (as a secondary fuel), fi ne-grained sand, and also two industrial products -primary concentrate of precious components and fi ne-dispersed aluminosilicate mixture, which can be used, e.g., during production of cellular concrete.
Thus, with account for the specifi c features of the chemical composition of the waste of energy enterprises, we have developed a multistage variant of the recycling of ASW. The fi rst stage is that of raw material, when ASW is divided into fractions that are purifi ed of the underburnt coal. On this stage we obtain a commercial product with sustainable liquidity -a high-calorifi c fuel. On the second stage we extract the second commercial product from ASW -an iron-containing concentrate. On the third stage we extract concentrate of precious components -gold and noble metals, rare earth metals. On the fourth stage we use the remained part of ASW for the production of building materials, including those for concrete and road industries. The use of this approach allows us to recycle ASW with maximum effi ciency, obtaining a wide range of commercial products, and also solving the problem of recultivation of ash and slag disposal areas.
The calculations carried out show that extraction of gold concentrate or that of noble metals during complex recycling of ASW is capable to considerably increase the profi tability of the production process (Tables 3 and 4) . Thus, building a shop for complex recycling of ASW without extraction of PGM and gold concentrate, the simple payback period of the complex project is 4.3 years and the discounted payback period is 5.9 years (Table 3 ). On addition of the line for extraction of PGM and gold concentrate, payback periods go down, and the simple payback period becomes 3.3 years, and discounted payback period becomes 3.8 years (Table 4) .
CONCLUSIONS
An optimal, multistage way of complex recycling of ASW of the Primorsky Krai energy enterprises has been developed out with account for the specifi c features of the chemical compound of ASW.
FIG. 5:
Facility for preliminary preparation of ASW: 1) centrifugal pump for recirculated water; 2) mixing tank; 3) sinking pump (3 units); 4) hydraulic screen; 5) dispersant; 6) hydraulic cyclone (2 units); 7, 9) surge tanks; 8) recirculation tank; 10, 17) tanks for magnetic concentrate collection; 11) magnetic separator; 12) fl otation plant; 13) clay collector; 14) tank for collection fraction (3-5 mm); 15) recirculated water tank; 16) settler; 18) tank for nonmagnetic concentrate collection; 19) tank for coal underburnt collection; 20) electric compressor; 21) recirculated water level detector; 22) control board; 23) centrifugal pump The fi rst stage is that of raw material. At this stage ASW is divided into fractions and is purifi ed from underburnt coal. At this stage we produce commercial products with sustainable liquidity -high-calorifi c fuel.
On the second stage we extract the second commercial product from ASW -an iron-containing concentrate.
On the third stage we extract the concentrate of precious components -gold and noble metals, rare earth metals.
On the fourth stage we use the remained part of ASW for the production of building materials, including materials for concrete and road industries.
The use of complex approach to ASW recycling is much more effi cient economically than using monotechnologies. Also, resource-saving and environmental effects, which accompany the process of solving the problem of large-tonnage wastes, making this trend socially signifi cant.
